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FOREWORD

The test described herein was conducted
under NASA Apollo contract NAS 9-150,

This report was prepared by A, Gillies of
the Wind Tunnel Test Group, Space and Informa-

tion Systems Division of North American Aviation,

T Vs
-l oo

2o ., OO
E, C., Allen Supervisor
Wind Tunnel Test
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TNERENTIED”

ABSTRACT

This report presents test results of
a 0.02-scale Apollo force model (FS-1) in
the NAA Supersonic Aerophysics Laboratory
tunnel at Mach numbers from 0.681 to 3.27.
A description of the model and model install-
ation is given. Instrumentation and tunnel
operating conditions are specified. Six-
component force and moment data are presented
in tabular form.

This report presents basic wind tunnel
test data only in order to make the test
results available at the earliest possible
date. Analyses and summary of results will
be reported later under separate cover.
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L T

I, INTRODUCTION

Apollo force riodel FS-1 was tested in the HAA Supersonic Zeroplysics
Laboratory (SAL) during the period 9 April, 1962 to 26 April, 196z,

The purpose of the test was to study the aerodynamic characteristics
of revisions to the launch escape system, utiliz1ng various escape motors
and tower structures,

A total of 536 data points were taken at three Mach numbers, 0,681,
1,575, and 3,270 and Reynolds numbers from 1,16 to 0,54 x 109,

SID 62~753
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II. MODEL DESCRIPTION

General

The model tested was a 0.02-scale model of various launch escape system
configurations. Twenty-four combinations of the twenty-five escape motors and
two tower structures were tested.

Two command modules were utilized. They are identical except for the
angle between the module axis of symmetry and the centerline of the balance
cavity. The different balance cavity angles were used to obtain an angle of

~ attack range of -10 to +30 degrees for the launch escape system.

The model was designed and fabricated by NAA. Refer to Table 1 for a
listing of parts used and pertinent drawing numbers.

Launch Escape System

The components that make up the launch escape system are shown in Figs. 2
and 3. The combinations of escape motors and tower structures tested are
listed in Section V.

: SID 62-753
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TABLE 1

Model Nomenclature

SYMBOL DESCRIFTION DRAWING KO, PART HOS,
C Command Module NAA 7121-01051 -2 thru =11
T7 Tower Structure CO 7121-019 -
Tll " CO 7121-028 -
E Escape Motor NAA 7121-01051 ~14y=15, & =17
Eqg " " -14;-17 & =32
E1o n " =17,-33 & =36
ElA n n =1/ y=17,=33 & =35
E1s5 " " =14,=17,~33,=35 & =36
vy " " ~14,=17,=32,=35 & =38
Eyry n n =1l y=174=33,=35,=37 & =38
Eig " J ~14y=17,-33,=42 & =36
Eig " " =1ly=174=33,=41 & =36
Log n " “Lly=17,=33,m35, & =39
Ea1 " " ~14,=17,-33,-43 & =36
Eso " " =1t y=17,=33,=35 & =40
E23 u n =1l y=17,=33,=35, & =44
Bpy, " " =1l y=l7,=33,=35 1 =45
Eps " n “1y=17,-33,=35 & =46
Eog n " w1l yelT =33 ,=35 & =47
Eory " " =14 y=17,=33,=35 & =48

-3 a
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y
® SYMBOL DESCRIFTION DRAVING 10, PART [0S,
Eog Escape Motor NAA 7121-01C51 ~1hy=17,-33,-35 & =49
Eog n n ~14,-17,=33,-35 & =50
Egq " " ~1y=17,-33,=35 & =53
Eq n n ~14,=17,-33,=35 & =5/
E3p " n =14,-17,-33,=35 & =55
Egq " " ~14,-17,-33,-35 & =51
Eq, n o ~144=17,=33,=35 & =52
@
®
-4 -
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CONNBINNAT

I1I. INSTRUMENTATION

Force Measurement

Six-component force and moment data were measured with the SAL H-675
balance, Ref. 2, The H-875 consists of a H-700B balance which measured
pitching, yawing, and rolling moment, and a 3155 balance which measured
chord force, pitching and yawing moment, The H-700B was located partially
within the model and was shielded with a 7121-01051-24 sting shield. The
3155 was located in the sector assembly approximately 25 inches aft of the
- H-T00B. A straight sting was used to support the model., A sketch of the
model installation is shown in Fig. L.

Pressure Measurement

Pressures were measured at the end of the windshield closest to the
model and within the balance chamber. No corrections to force and moment
data were made for these pressures at the time of this report.

Flow Visulization

Schlieren photographs were taken at approximately 10 degree intervals
for each configuration and Mach number.

CPTRRMMINRF S0 62-753
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IV, OPERATING CONDITICNS

Model Attitudes

The angle of attack range for the launch escape system was from
=10 to 430 degreesc,

Flow Conditions

The flow conditions indicated are for tunnel clear operation.

Reynolds No, x ZLC"6

Mach No, based on cormrand Dynamic Pressure
_module diameter . 1b/ft2
0.681 0,98 720
1.575 1,16 984
3.270 54 270
- 16 -
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V. TEST DATA
SUMMARY of COMPILETED RUINS TESTNO. /204
LAUNCH ESCAPE SYSTEM
 CONFIGURATION RUN NUMBER
- MACL NUMBER 0.687 /.575 3,270
ANGLE of ATTACK -/0 70 10 |10 # 30 |-1040 10 (10 % 30 |-10 %010 /0% 30
119" TOWER
E 77 C A / z
E s, i { 7 -
119 " TOWER W/ITH STIFFNER FPLATES
£ 70 77/ C 6 =3 Z i g P-4
7 23 /5 9 /4
E /14 22 /0 /3
E s /6 // 12
E /g /7
E /7 /R
E /g /9
E s 20 :
E 20 2/ F0 27 33 | 34
E 2/ 24 25 26
E a2z 3/ 29 28 32 35
£ 23 36 40
E 24 37 42
E 25 38 43
E 2z 39 44
E 27 45
E 28 46
E 2 47 4/
E 30 46
E 3 4
E 32 50
E 33 LY}
E 34 SZ
- 17 -
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VI. TABULAR DATA

Data Reduction Constants

Reference area = 7.4506 ir<,
Reference length = 3,0800 ir,
Reference center of gravity location:

Launch Escape System for Runs 1-35 of Test No, 1204

241560 inches from the center of the heat shield, measured along
the axis of symmetry

Located on the axis of symmetry

Launch escape systen for runs 36-52 of Test lio, 1204

1.8788 inches from the center of the heat shield measured along
the axis of symretry

0,13552 inches below the axis of symmetry

ex to labulated Date

A key to the tebulated data is shown in Fig, 5, The following
nomenclature was used,

Symbol
C, LifL coefficient = L/qgS
Cy Normal force coefficient = l{/qS
Cx Axial force coefficient, stability axes = Cp, whenré 0
Cy Axial force coefficient, body axes = A/qS
Cp Drag coefficient = D/qS
Co Pitching moment coefficient = m/qSd
Cp Yawing moment coefficient = n/qsd
C1 Rolling moment coefficient = 1/q5d
L/D Lift drag ratio = cL/cD

- 18 -
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ch/d Center of pressure, measured from the center of the heat shield
along the axis of symmetry

= (XA) + (Cmg g, /Cn) = (Ca/Cy) (z/d)
q Dynamic pressure, psi.

Reference area, in2,,

d Reference length, in,

]

Distance from the center of the heat shield to the reference
center of gravity, measured along the axis of symmetry, in.

z Distance from the axis of symmetry to the reference center of
gravity in the x plane, in.
A Angle of attack, deg.
$ Angle of yaw, deg.
Cpb Pressure coefficient at the end of the windshield
Subscripts

S Referenced to the stability axis system

B Referenced to the body axis system

Index to Tabulated Data

The test data is tabulated in Appendix A of this report.
Figure 5 shows the location of the coefficients on the data sheets.

-19 -
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